This study were carried out to evaluate the effect of irrigation by treated wastewater (TWW) on some chemical properties of cultivated lacustrine and calcareous soils, the growth and macronutrients contents of soybean (Glycine max L.), corn (Zea mays L.) faba bean (Vicia faba) and wheat (Triticum aestivum L.) plants and the chemical composition of drainage water. Pot experiments were carried out in the greenhouse at the Agriculture Research Farm, Faculty of Agriculture, Alexandria University. Fifty kgs soil were placed in a plastic pot and the seeds of each plant species were sown and irrigated by freshwater (FW) for two weeks then by the tested water treatments: FW, TWW or 1:1 FW/TWW. Soil and plant samples were collected two weeks before plant harvest for analysis and samples of drainage water were collected for the determination of pH, TDS, NO3 and total P. The results showed significant increases in the ECe, OM and available N, P and K in soils as a result of TWW and 1:1 FW/TWW irrigation. Also, the concentrations of N, P and K in leaves of plants irrigated by TWW and 1:1 FW/TWW were significantly higher than in those irrigated by FW. In addition, the dry weights of plants were significantly higher as a result of irrigation by TWW and 1:1 FW/TWW than of those irrigated by FW.
INTRODUCTION
The water of Nile River is the main source of surface freshwater in Egypt. According to the Nile Agreement with the Sudan in 1959, Egypt's water budget is fixed at 55.5 Billion m 3 /y (Abu Zeid, 1992) . However, because of increasing population growth and needs for food production, additional new lands of the eastern and western deserts had been planned to be used for agricultural horizontal extensions. As a result of the limited quantity of freshwater available for agricultural irrigation and other vital sectors in the country, the Egyptian government policy plan was oriented to the reuse of unconventional water resources, as supplements, for irrigating the new reclaimed lands (Abu Zeid, 1992 and Elsokkary and Abukila, 2012) .
Many countries have included wastewater reuse as an important dimension of water resource planning, releasing high quality water supplies for potable use (Mara and Cairncross, 1989 and Pescod, 1992) . It is generally accepted that reuse of wastewater in agricultural irrigation is justified on agronomic and economic grounds; i.e., not only as a water resource but also as a supplement of macronutrients (N, P and K) in addition to traces of micronutrients and organic matter (Pescod, 1992) . It was reported also that the reuse of wastewater has been found to be successful for irrigation of a wide array of crops and for increase in crop yield from 10 to 30% (Chen et al., 1998) . Study carried out by Tamoutsidis et al. (2009) showed that irrigation by treated wastewater effectively increased the yield of corn and wheat plants. They reported that this increase was probably due to the nutritional value of wastewater. Also, Singh et al. (2012) found that treated municipal wastewater irrigation significantly increased the crop yields of maize and wheat as compared with those of plants irrigated by canal water. They attributed this positive effect to contribution of macro-and micronutrients in wastewater for increasing crop yield.
The objectives of this study, therefore, were to investigate the effect of irrigation by treated wastewater on both; the chemical characteristics of cultivated lacustrine and calcareous soils, the growth and macronutrients contents of four plant species grown on these soils and the chemical composition and quality of drainage waters from these soils. aestivum L.) variety Giza 69 as winter field crops were used in the pot experiments. Chemical Fertilizers: The three main chemical fertilizers; ammonium nitrate (33.5% N), superphosphate (15.5% P 2 O 5 ) and potassium sulphate (52 % K 2 O) were used. Pot Experiments: Plastic pots of 40 cm inside diameter and 50 cm depth with 5 holes (1 cm diameter) in the bottom were used. Two kgs water-washed gravels (1-2 cm diameter) were placed in each pot followed by 50 kg lacustrine soil or 45 Kg calcareous soil. The experimental design was randomized complete block, and each treatment was repeated in four replicated.
Ten seeds of each plant species were sown in each pot, irrigated every two days in winter and every day in summer, by freshwater for two weeks. The seedlings were thinned to four plants per pot and then irrigated by the tested water. Irrigation was carried out weekly during summer and winter growing seasons. Surface irrigation was applied and the irrigation treatments were freshwater (FW), treated wastewater (TWW) and 1:1 ratio freshwater/treated wastewater (1:1 FW/TWW).
The chemical fertilizers were applied as follow: superphosphate fertilizer was applied to the soil in a single dose before cultivation of the four plant species at an equal rate of 200 kg Fed -1 . Ammonium nitrate fertilizer was applied to the soil in two equal doses, just after tillering and one month after, at rates of 50, 100, 50 and 100 kg Fed -1 for soybean, corn, faba bean and wheat, respectively. Potassium sulfate fertilizer was applied to the soil just after tillering in a signal dose (50 kg Fed -1 ) to the four plant species. Sampling: Soils: Composite soil sample was taken from each original soil, air-dried, ground and passed through 2 mm sieve and kept for analysis and pot experiments. In addition, at two weeks before plants harvest, samples of soils were collected from each pot at two depths (0-20 and 20-40 cm) air-dried, ground and passed through 2 mm sieve and kept for analysis. Plants: At two weeks before plants harvest, the shoots of plants were collected, washed with tap water then by distilled water, even-dried at 70 °C for 48 hrs, ground using stainless steel mill and kept for analysis (Chapman and Pratt, 1961) . In addition, after 85 days from plant sowing, the above ground parts of plants (shoots) were harvested and the plant weight was measured and the results obtained were expressed as shoot dry weight (g plant -1
). Drainage Water: Samples of drainage water were collected weekly from each pot after one day from irrigation and stored for analysis (APHA, 2000) . Eight water samples were collected from each pot, during the growth period, and chemically analyzed separately. The results presented in this text are the mean of eight analyses for each pot. Analysis: Soil: The chemical characteristics of the soil were determined as follow: EC e was measured in water extract of saturated soil paste by electrical conductivity meter and the pH was measured in 1:2.5 soil-water suspensions by pH-meter (Black, 1965) . The amount of organic carbon (OC) was determined using dichromate oxidation method of Walkly and Black and the amount of organic matter (OM) was obtained by multiplying OC with 1.72 (Page et al., 1982) . The amount of total carbonate (CO 3 -2 ) was measured by Calcimeter (Black, 1965) . The amount of available N was extracted by 2M KCl and N was measured by micro-Kjeldahl, that of available P was extracted by 0.5 M Na HCO 3 of pH 8.5 and P was measured colorimetrically, and that of available K by extracting with normal NH 4 OAc of pH 7.0 and the concentration of K was measured by flamephotometer (Page et al., 1982) . The particle size distribution (sand, silt and clay) was measured by hydrometer method (Black, 1965) . Plant: Half gram oven-dried plant material was subjected to wet-digestion in H 2 SO 4 /H 2 O 2 (Jones, 1989) . The concentrations of N, P and K were determined in the digested solution according to the methods outlined by Chapman and Pratt (1961) . Water: Samples of freshwater (FW), treated wastewater (TWW) and drainage water were analyzed for the determination of pH, TDS, NO 3 and total N, P, and K according standard methods (APHA, 2000) . The concentrations of Mg +2 and Ca +2 were measured volumetrically by Na 2 EDTA method and those of K + and Na + by flamephotometer (Chapman and Pratt 1961) , and these data are not recorded in the text and were used for calculating the value of SAR (Richards, 1954) . Statistical Analysis: The obtained results were statistically analyzed for the least significant difference (LSD 0.05) according to Snedecor and Cochran (1967) . Table 1 showed wide variations in the chemical and physical properties of the two soils. The lacustrine soil is characterized by relatively lower levels of EC e and total CO 3 -2 and relatively higher levels of OM, available N, P and K than those of the calcareous soil. According to Chapman (1996) , the amounts of available macronutrients (N, P and K) in the lacustrine soil are within the low range while those in the calcareous soil are within the deficient range. On the other hand, the calcareous soil is more saline than the lacustrine soil but its salinity is less than the critical limit (less than 4 dSm -1 ). It is also clear that the two soils had slightly alkaline reaction since the average pH values of the lacustrine and calcareous soils are 8.0 and 8.2, respectively. Table 1 showed also that the lacustrine soil contains relatively higher percentages of clay and lower percentage of sand fractions than those of the calcareous soil. These data point out, in general, that the lacustrine soil is relatively more fertile than the calcareous soil with respect to OM and available macronutrients. Table 2 showed that both the FW and TWW had slightly alkaline reaction and low values of SAR. However, both TWW and 1:1 FW/TWW had higher levels of TDS, total N, NO 3 -, and total P and K than those of FW. According to Ayers and Westcot (1985) , restrictions should be undertaken concerning the reuse of this TWW for irrigation because of its high TDS.
RESULTS AND DISCUSSION
Thus, this water can be classified, according to Richards (1954) with respect to sodium ion and salinity hazards in the C 3 S 1 category which requires special management for salinity control. Tables 3 and 4 showed that there were no significant differences in the values of pH of cultivated lacustrine and calcareous soils as a result of irrigation by FW, TWW and 1:1 FW/TWW and these pH values were within the normal range. The pH values of lacustrine soil cultivated with soybean, corn, faba bean and wheat were within the range; 7. 12-7.54, 7.00-7.80, 7.11-7.30 and 7.15-7.40 , respectively, and those of calcareous soil cultivated with these four plant species were in the range 8. 00-8.25, 8.00-8.20, 7.95-8.15 and 7.95-8.30 , respectively. Soil Salinity: As shown in Tables 3 and 4, there were significant increase in the values of EC e of cultivated lacustrine and calcareous soils as a result of irrigation by TWW and 1:1 FW/TWW as compared with those irrigated by FW. Several studies reported that irrigation by treated wastewater had increased soil salinity as compared to irrigation by normal water (Rusan et al., 2007; Kizilogu et al., 2008; Mojiri, 2011; and Morugan et al., 2011) .
Effect of Irrigation Water on Soil Characters Soil pH:
The values of EC e of cultivated lacustrine soil irrigated by TWW were almost less than the upper critical limit of non-saline soil (less than 4.0 dSm -1 ), while those of cultivated calcareous soil had exceeded this limit especially in soils cultivated with faba bean and wheat (Tables 3 and 4 ). It is also clear that the EC e values of cultivated lacustrine soils were generally lower than those of cultivated calcareous soils.
Tables 3 and 4 showed also that the EC e values of soils of the upper layer (0-20cm) were significantly lower than those of the lower (20-40 cm). This clearly observed in both cultivated lacustrine and calcareous soils irrigated by FW, TWW and 1:1 FW/TWW. This distribution of salinity, in soils of the two layers, indicates high transport and leaching of salts from soil of the upper layer to that of the lower layer.
In general, higher values of relative increase in EC e were recorded in soils of the lower layer than in those of the upper layer. In the case of cultivated soils irrigated by TWW, the average values of relative increase in EC e of the upper and lower layers of lacustrine soils were 60.7 and 103.2%, respectively, and in the case of calcareous soils these average values were 55.2 and 64.9%, respectively. It is also clear that the values of relative increase in EC e were almost higher in soils irrigated by TWW than in those irrigated by 1:1 FW/TWW. Thus, on the average, the values of relative increase in EC e of cultivated lacustrine soils irrigated by TWW were 60.7 and 103.2% in upper and lower layers, respectively, while in soils irrigated by 1:1 FW/TWW these values were 46.4 and 46.8% in the two soil layers, respectively. With respect to cultivated calcareous soils irrigated by TWW, on the average, these values were 55.2 and 64.9 % in soils of upper and lower layers, respectively while those irrigated by 1:1 FW/TWW these values were 25.1 and 30.3%, respectively.
On the basis of an overall average value, with respect to soil irrigation by TWW and 1:1 FW/TWW, the relative increase in EC e was generally higher in lacustrine soil (64.3%) than in calcareous soil (43.9%). These data point out that irrigation by TWW and 1:1 FW/TWW would increase salinity of lacustrine soil with higher rate than would be predicted for calcareous soil. In addition, the overall average values of the relative increase in EC e of lacustrine soil cultivated with soybean, corn, faba bean and wheat due to irrigation by TWW and by 1:1 FW/TWW were 73.1, 17.7, 94.1 and 72.2%, respectively and those of calcareous soil cultivated with these plant species were 9.3, 17.2, 75.1 and 74%, respectively. These data indicate that salinization rate, of these two soils, would be predicted to be higher in winter growth season (faba bean and wheat soils) than in summer growth season (soybean and corn soils). Soil SAR: Tables 3 and 4 showed no significant differences between the values of SAR of the two soil layers of cultivated lacustrine and calcareous soils and also between layers of soils irrigated by FW, TWW and 1:1 FW/ TWW. This can be clearly observed in soils cultivated with the four plant species. It is also clear that all SAR values, of these soils, are less than 15 which is the critical limit of soil alkalinity.
Soil OM: There were significant increases in the levels of OM in cultivated lacustrine and calcareous as a result of irrigation by TWW and 1:1 FW/ TWW (Tables 3 and 4 ). For example, in lacustrine soil cultivated with soybean, the levels of OM significantly increased in soils of the upper layer from 2.10 (FWsoil) to 2.70%, as a result of TWW irrigation. This trend can be observed in the two soil types and with the four plant species whether irrigated by TWW or by 1:1FW/ TWW, as compared to those irrigated by FW. Studies carried out by Rusan et al. (2007) showed that irrigating soils with wastewater increased OM contents in soils and the highest amounts were found in soils of the upper layer (0-20 cm). On the other hand, Wang et al. (2007) found slight increase in soil OM as a result of irrigation by treated wastewater. Singh et al. (2012) found that there was higher significant increase of OM in cultivated soils irrigated by treated wastewater than in those irrigated by canal water.
These data also showed higher values of the relative increase in OM of soils of the upper layer than in those of the lower layer as a result of irrigation by TWW and 1:1 FW/ TWW, with reference to irrigating by FW. The average value of relative increase in OM, as a result of irrigation cultivated lacustrine soil by TWW, was 25.5% in soils of the upper layer and 14.8% in soils of the lower layer. These values in 1:1 FW/ TWW irrigated lacustrine soil, on the average, were 7.1 and 5.2%, respectively. In the case of cultivated calcareous soil irrigated by TWW, the average value of relative increase in OM of soil of the upper layer was 57.8% and that of the lower layer was 34.9%. These values in cultivated calcareous soils irrigated by 1:1 FW/ TWW were 16.1 and 13.0% for the upper and lower soil layers, respectively. These data indicate higher possibility for increasing the level of OM in calcareous soil than in lacustrine soil, as a result of irrigation by TWW. The values of relative increase of OM in soils irrigated by TWW were higher than those irrigated by 1:1 FW/ TWW. On the average, the values of relative increase of OM in cultivated lacustrine soils of the upper and lower layers, due to TWW irrigation, were 25.5 and 14.8%, respectively and of those irrigated by 1:1 FW/ TWW were 7.1 and 5.2%, respectively. These average values, in cultivated calcareous soils were 57.8 and 34.9% for TWW irrigation, respectively, and were 16.1 and 13.0% for 1:1 FW/ TWW irrigation, respectively. These data point out to higher possibility of increasing OM in cultivated calcareous soil than in cultivated lacustrine soil as a result of irrigation by TWW or by 1:1 FW/ TWW. Available N in Soil: Tables 3 and 4 showed significant increase in the amounts of available N in cultivated lacustrine and calcareous soils as a result of TWW and 1:1 FW/ TWW irrigation as compared to those of FW irrigation. However, there were no significant differences in the amounts of available N in soils irrigated by TWW and 1:1 FW/ TWW. The amounts of available N in lacustrine soil had increased, due to TWW and 1:1 FW/ TWW irrigation, to levels within the sufficient range for most plant species while those in calcareous soil had increased to levels close to the low range for most plant species (Chapman, 1966) . It is also clear that there was no special trend in the distribution of the amounts of available N in soils of the upper and lower layers of both lacustrine and calcareous soils. Rusan et al. (2007) and Kiziloglu et al. (2008) found high increase in the amounts of available N in soil irrigated by wastewater than in those irrigated by normal water and the highest amount was recorded in soil of the upper layer.
The values of relative increase in the amounts of available N were higher in lacustrine and calcareous soils irrigated by TWW than in those irrigated by 1:1 FW/ TWW. These values showed no special trend in the case of cultivated lacustrine soil irrigated by TWW and 1:1 FW/ TWW. On the other hand, in cultivated calcareous soil irrigated by TWW and 1:1 FW/TWW, these values were almost higher in soils of the upper than in those of the lower layer. The average values of relative increase in the amount of available N in cultivated lacustrine soil irrigated by TWW were 23.4 and 26.2% in soils of the upper and lower layers, respectively and in soil irrigated by 1:1 FW/TWW were 22.1 and 22.8, respectively. Similarly, the average values of relative increase in the amounts of available N in cultivated calcareous soil irrigated by TWW were 42.2 and 32.1% in soils of the upper and lower layers, respectively and in soils irrigated by 1:1 FW/ TWW were 18.8 and 13.1%, respectively. These data indicate higher response of cultivated calcareous soil to TWW and 1:1 FW/TWW irrigation, with respect to the amount of available N, than that of cultivated lacustrine soil. Taking into account the overall average values of relative increase in available N in cultivated lacustrine soil (23.6%) and calcareous soil (26.6%) showed that irrigating by TWW had enriched the calcareous soil with relatively higher percentage of available N than that of lacustrine soil. The average values of relative increase in the amount of available N in cultivated lacustrine soil were higher in faba bean and wheat soils (25.1 and 25.2%, respectively) than in soybean and corn soils (23.2 and 21.0%, respectively). Also, these values in cultivated calcareous soil were higher in faba bean and wheat soils (33.6 and 26.8%, respectively) than in soybean and corn soils (27.5 and 18.3%, respectively). These data point out to the stimulating role of plant species in improving the availability of N in soils irrigated by TWW and 1:1 FW/TWW. Available P in Soil: As shown in Tables 3 and 4, significant increase in the amounts of available P were found in cultivated lacustrine and calcareous soils as a result of TWW irrigation as compared to those irrigated by FW. The range of the amounts of available P in lacustrine soil was from 7.70 to 9.50 mg Kg -1 in soybean soil, from 7.70 to 9.35 mg Kg -1 in corn soil, from 7.90 to 11.35 mg Kg -1 in faba bean soil and from 8.00 to 10.00 mg Kg -1 in wheat soil. These values are considered beyond the adequate range of available P in soils (10 mg Kg -1 ) as reported by Chapman (1966) . These amounts in calcareous soils varied from 3.60 to 6.25 mg Kg -1 in soybean soil, from 3.30 to 5.75 mg Kg -1 in corn soil, from 3.50 to 6.50 mg Kg -1 in faba bean soil and from 3.50 to 5.85 mg Kg -1 in wheat soil. These values are considered beyond the deficient range of available P in most soils (Chapman, 1966) . These data indicate that irrigation of calcareous by TWW had improved slightly the levels of available P in the soil but did not increase it to the sufficient or adequate level. On the other hand, irrigation of lacustrine soil by TWW had improved the levels of available P in soil to the sufficient or adequate level. Studies carried out by Rusan et al. (2007) and Kiziloglu et al. (2008) showed that irrigation by wastewater had increase the amounts of available P in soils, and these amounts were higher in soils of the upper layer than in those of the lower layer.
The values of relative increase in the amounts of available P in soils irrigated by TWW were higher in soil of the upper layer than in those of the lower layer. On the average, these values in cultivated lacustrine soils were 23.1 and 10.3% for the two layers, respectively. It is also clear that the higher average values of relative increase in available P in TWW irrigated lacustrine soils were recorded in faba bean and wheat soils (average values of 19.1 and 18.6 %, respectively), and the lower were in soybean and corn soils (average values of 16.1 and 13.0, respectively). This points out that winter field crops had slight effect to improve the levels of available P in lacustrine soil as compared to that of summer field crops. The values of relative increase in available P in cultivated calcareous soil irrigated by TWW were higher in soils of the upper layer than in those of the lower layer with average values of 64.6 and 50.1%, respectively. In the case of 1:1 FW/TWW irrigated calcareous soils, these average values were 28.9 and 25.8% in the upper and lower soil layers, respectively. On the average, these values were almost higher in soils cultivated with faba bean and wheat than with soybean and corn. The highest average values of relative increase in available P in cultivated calcareous soils irrigated by TWW and 1:1 FW/TWW were recorded in those of faba bean and wheat (46.1 and 47.8%, respectively) and the lowest were in those of soybean and corn (39.4 and 33.1%, respectively). These data point out the stimulating effect of winter field crops in improving the levels of available P in calcareous soils as compared to that of summer field crops.
The overall average values of relative increase in available P in cultivated lacustrine and calcareous soils were 16.7 and 41.6%, respectively. These data indicate relatively higher response of calcareous soil than lacustrine soil to irrigation by TWW and by 1:1 FW/TWW with respect to the increased percentages of available P in soils. Available K in Soil: Tables 3 and 4 showed significant increase in the amounts of available K in cultivated lacustrine and calcareous soils as a result of irrigation by TWW as compared to those irrigated by FW. The amounts of available K, in the two soil types, were higher in soils of the lower layer than in those of the upper layer, and were higher in lacustrine soil than in calcareous soil. In general, these amounts were almost higher than the adequate level of available K (200 mg Kg -1 ) in most soils (Chapman, 1966) . These high levels could be due to both mineral fertilizer application and to K addition from irrigation by TWW. It has been reported by Rusan et al. (2007) and Kiziloglu et al. (2008) that irrigation by wastewater had increased the amounts of available K in soils as compared with those irrigated by normal water and the highest amount was found in the upper soil layer. The values of relative increase in the amount of available K, with reference to FW irrigation, were higher in soils irrigated by TWW than by 1:1FW/TWW. In cultivated lacustrine soil irrigated by TWW, the values of relative increase in available K were higher in soils of the upper layer than in those of the lower layer, with average values of 57.8 and 50.5% for the two soil layers, respectively, while in soils irrigated by 1 : 1 FW/TWW these average values were 22.3 and 27.7%, respectively. In concern with TWW irrigated cultivated calcareous soil, the average values of relative increase in the amounts of available K in soils of the upper and lower layers were 80.2 and 74.6 %, respectively while in soils irrigated by 1:1 FW/TWW these average values were 48.4 and 50.3%, respectively.
On the basis of overall average values of relative increase in available K, higher value was recorded in calcareous soil (63.4 %) than in lacustrine soil (39.6 %). These data indicate higher response of calcareous soil to irrigation by TWW, with respect to the increase in the percentages of available K, than that of lacustrine soil. It is also clear that there were no marked variations in the values of relative increase in the amounts of available K in soils due to the effect of cultivated plant species. These data indicated out that the variations in percentages of available K in soils were not influenced by both growth seasons and plant species. Effect of Irrigation Water on Plant i. Macronutrients Contents: Nitrogen: Table 5 showed significant increase of N contents in leaves of plants grown on lacustrine and calcareous soils as a result of irrigation by TWW and by 1:1 FW/TWW as compared with those irrigated by FW. The N contents in leaves of soybean and corn plants grown on lacustrine and calcareous soils and irrigated by TWW and 1:1 FW/TWW were within the adequate range (1.25-3.00% according to Chapman, 1966) . On the other hand, the levels of N in leaves of faba bean and wheat grown on lacustrine soil irrigated by TWW were within the adequate range and those grown on calcareous soil were within the deficient range (less than 1.25%). Irrigation of faba bean and wheat plants grown on calcareous soil by 1:1 FW/TWW did not supply these two plant species by the adequate amounts of N, and therefore, the N contents in leaves of these plants are in the deficient range (Chapman, 1966) .
The average values of relative increase in N contents in leaves of the four plant species grown on lacustrine and calcareous soils as a result of irrigation by TWW were higher (average values of 79.7 and 85.6%, respectively) than in those irrigated by 1:1 FW/TWW ( average values of 49.0 and 60.0%, respectively). It is clear that the values of relative increase of N contents in leaves of the four plant species had been varied markedly and were almost higher in leaves of faba bean plants grown on the two soil types and irrigated by TWW or by 1:1 FW/TWW, while those of the other three plant species (soybean, corn and wheat) had varied markedly and were higher in plants grown on calcareous soil than on lacustrine soil. The average values of relative increase of N in leaves of the four plant species grown on lacustrine soil and irrigated by TWW and 1:1 by FW/TWW were 79.7 and 49.0%, respectively while those grown on calcareous soil and irrigated by TWW and by 1:1 FW/TWW were 85.6 and 60.0%, respectively. In addition, the overall average values of relative increase of N contents in leaves of plants grown on lacustrine and calcareous soils were 64.4 and 72.8%, respectively. These data indicate higher response of the four plant species to irrigation by TWW and by 1:1 FW/TWW when grown on calcareous soil than on lacustrine soil with respect to the values of relative increase of N percentage in plant leaves. This points out that irrigation by TWW could be a supplemental source of N especially to plants grown on calcareous soil as compared to those grown on lacustrine soil. Phosphorus: Table 5 showed significant increase in P contents in leaves of the four plant species grown on lacustrine and calcareous soils as a result of TWW and 1:1 FW/TWW irrigation as compared with those of FW irrigation. The levels of P in leaves of plants grown on the two soil types and irrigated by TWW were within the sufficient and adequate range (0.2-0.5%, according to Chapman, 1966) , except faba bean and wheat grown on calcareous soil since P contents in their leaves were within the low range (0.15-0.20%). Also, irrigation by 1:1 FW/TWW increased the levels of P in leaves of soybean, corn and faba bean plants grown on lacustrine soil, which were within the adequate range of P in plant leaves (Chapman, 1966) . Also, the P contents in leaves of soybean and corn plants grown on 1:1 FW/TWW irrigated calcareous soil were within the adequate range (0.2-0.5%).
The average values of relative increase in P contents in leaves of the four plant species grown on lacustrine soil and irrigated by TWW and by 1:1 FW/TWW were 103.3 and 61.6%, respectively, and of those grown on calcareous soil were 107.2 and 64.6%, respectively. However, the overall average values of relative increase of P contents in leaves of the four plant species, grown on lacustrine and calcareous soils irrigated by TWW or 1:1 by FW/TWW were very close (84.0 and 84.4%, respectively). This points out that the response of the four plant species to P applied from irrigation by TWW or 1:1 FW/TWW was nearly similar for plants whether grown on lacustrine or calcareous soils. With respect to the response of the four plant species to irrigation by TWW or 1:1 FW/TWW, faba bean plant grown on lacustrine or calcareous soil showed the highest response to P applied from TWW and 1:1 FW/TWW irrigation since the overall average values of the relative increase in P content in plant leaves were 125.7 and 100%, respectively. The descending order of the average values of the relative increase in P contents in leaves of the four plant species grown on lacustrine soil irrigated by TWW and 1:1 FW/TWW was: faba bean (125.7%), corn (107.7%), soybean (63.8%) and wheat (38.7%), and those for plants grown on calcareous soil was: faba bean (100.0%), corn (88.2%), soybean (89.5%) and wheat (60.0%). These data indicate that the highest response, to P utilization from TWW or 1:1 FW/TWW irrigation, was by faba bean, then corn and soybean while the lowest was for wheat whether grown on lacustrine or calcareous soil. Potassium: Table 5 showed significant increase in the amounts of K in leaves of plants grown on lacustrine and calcareous soils as a result of irrigation by TWW and 1:1 FW/TWW as compared to those irrigated by FW. The concentration levels of K in leaves of the four plant species are within the adequate range (0.15-0.3% according to Chapman, 1966) . These data point out that TWW and 1:1 FW/TWW irrigation can be supplemental source of K to plants grown on lacustrine and calcareous soils.
The values of relative increase of K were almost higher in leaves of plants irrigated by TWW (average values of 90.0 and 178.2% for plants grown on lacustrine and calcareous soils, respectively) than in those irrigated by 1:1 FW/TWW (average values 44.7 and 135.7% for plants grown on the two soils, respectively). It is also clear that these values were almost higher in leaves of plants grown on calcareous soil (average values of 178.2 and 135.7% for TWW and 1:1FW/TWW irrigation, respectively) than in those of plants grown on lacustrine soil (90.0 and 44.7% for these two waters, respectively). On the basis of overall average values, the values of relative increase of K in leaves of the four plant species grown on lacustrine and calcareous soils and irrigated by TWW or 1:1 FW/TWW were 67.3 and 156.2% for the two soils, respectively. These data indicate higher response of plants grown on calcareous soil to K applied from irrigation by TWW and 1:1 FW/TWW than of those grown on lacustrine soil.
With respect to the response of the four plant species to K applied from TWW or 1:1 FW/TWW, it is clear that soybean grown on lacustrine soil had the highest relative increase of K in its leaves (average value of 108.7%) as compared with soybean grown on calcareous soil (average value of 60.4%). On the other hand, leaves of corn and faba bean plants grown on calcareous soil had the highest relative increase of K (average values of 284.2 and 193.8%, respectively) as compared with those grown on lacustrine soil (43.2 and 45.7%, respectively). However, the values of relative increase in leaves of wheat were higher when grown on calcareous soil than when grown on lacustrine soil (average values of 89.4 and 71.7%, for the two soil types, respectively). These data indicate that irrigation by TWW or 1:1 FW/TWW would be valuable sources of K for plants grown on calcareous soil more than for plants grown on lacustrine soil. ii. Shoot Dry Weight: Table 6 showed significant increase in the dry weight of shoot of plants grown on lacustrine and calcareous soils as a result of irrigation by TWW or by 1:1 FW/TWW as compared with those irrigated by FW. It is also clear that the shoot dry weight, of each plant species, was higher when grown on lacustrine soil than on calcareous soil whether irrigated by FW, TWW or 1:1 FW/TWW. Also, these shoot dry weights were almost higher when plants were irrigated by TWW than by 1:1 FW/TWW.
The values of relative increase of shoot dry weight were almost higher for plants irrigated by TWW than for those irrigated by 1:1 FW/TWW.
The average values of relative increase of shoot dry weight, of the four plant species grown on lacustrine soil irrigated by TWW or 1:1 FW/TWW, were 77.4 and 43.7%, respectively, and of those grown on calcareous soil were 82.1 and 59.0%, respectively. The average values of relative increase of shoot dry weight of the four plant species grown on TWW irrigated lacustrine and calcareous soils were 77.4 and 82.1%, respectively and of those irrigated by 1:1 FW/TWW were 43.7 and 59.0%, respectively. The overall average values of relative increase in shoot dry weight of soybean, corn, faba bean and wheat plants irrigated by TWW and 1:1 FW/TWW grown on lacustrine and calcareous soils were 60.5 and 70.5 %, respectively. These data point out to the stimulating action of TWW or 1:1 FW/TWW irrigation on plant growth and this was generally more effective on plants grown on calcareous soil than on lacustrine soil.
With respect of the response of the four plant species to irrigation by TWW or 1:1 FW/TWW, it clear that faba bean showed relatively higher response (average values of 65.5 and 83.3% in lacustrine and calcareous soils, respectively) than soybean (average values of 50.7 and 49.4% in lacustrine and calcareous soils, respectively), Also, corn and wheat plants showed relatively higher values when grown on calcareous soil than on lacustrine soil. These data indicate that plants grown on calcareous soil showed relatively higher response to irrigation by TWW or 1:1 FW/TWW than those grown on lacustrine soil.
Effect of Irrigation Water on Drainage Water Quality
Water pH: Table 7 showed significant increase in the pH values of drainage water from cultivated lacustrine and calcareous soils as a result of irrigation by TWW. The pH values of drainage water from cultivated lacustrine soils were within the range 7.50 -7.83, and those from cultivated calcareous soils were within the range 7.88 -8.37. These pH values, in general, were within the normal range (6.5-8.4) of water of irrigation according to Ayers and Westcot (1985) . It is clear, therefore, that the pH values of drainage water from the two cultivated soils were changing within a narrow range as a result of irrigation by TWW or 1:1 FW/TWW. Water TDS: There were significant increases in the levels of TDS in the drainage waters of cultivated lacustrine and calcareous soils as a result of irrigation by TWW and 1:1 FW/TWW (Table 7) . It is also clear that the levels of TDS of drainage water from cultivated calcareous soil were almost higher than of those from cultivated lacustrine soil. Also, the drainage waters of soils irrigated by TWW contained higher levels of TDS than of those irrigated by 1:1 FW/TWW. Study carried out by Weber and Junico (1996) showed that irrigation by wastewater has negative effects on the quality of drainage water which is due mainly to accumulation of high concentration of salts especially Na + and Cl in drainage water. In the case of TWW irrigation, the values of relative increase in TDS of drainage waters from cultivated lacustrine soil were, on the average, higher (91.1%) than of those from cultivated calcareous soil (79.8). However, in the case of 1:1 FW/TWW irrigation, these values were 28.0 and 42.2%, for the two soil types, respectively. On the basis of overall average values, the values of relative increase in TDS due to TWW and 1:1 FW/TWW irrigation were 59.5 and 61.0% in drainage water from cultivated lacustrine and calcareous soils, respectively.
It is also clear that the values of relative increase of TDS in drainage water from soils irrigated by TWW were higher than in those irrigated by 1:1 FW/TWW, and were 91.0 and 28.0%, respectively from lacustrine soil and were 79.8 and 42.2%, respectively from calcareous soil. These data point out that irrigation by TWW would increase salinity of drainage water from cultivated lacustrine soil relatively more than from cultivated calcareous soils. Water SAR: Table 7 showed significant increase in the values of SAR of the drainage water from cultivated lacustrine and calcareous soils as a result of irrigation by TWW or 1:1 FW/TWW as compared to those of FW irrigation. The values of SAR, in general, of all drainage waters from all irrigation water treatments were less than the critical value (SAR= 15) which indicated that there was no sodium hazard when these waters are used for irrigation (Ayers and Westcot 1985) . Water Nitrate (NO 3 -): Table 7 showed significant increase in the concentrations of NO 3 in the drainage water from cultivated lacustrine and calcareous soils as a result of irrigation by TWW or by 1:1 FW/TWW as compared to those irrigated by FW. The concentrations of NO 3 in drainage water of soils irrigated by TWW were almost higher than of those irrigated by 1:1 FW/TWW or by FW. However, the concentrations of NO 3 in drainage waters from TWW and 1:1 FW/TWW irrigated soils were almost greater than the normal and acceptable limit (30 mgl -1 ) in water of irrigation (Ayers and Westcot 1985) .
The values of relative increase of NO 3 concentration in drainage water from TWW irrigated cultivated lacustrine and calcareous soils were almost higher than from those irrigated by 1:1 FW/TWW. Thus, the average values of relative increase of NO 3 concentrations in drainage water from TWW and 1:1 FW/TWW irrigated lacustrine soils were 91.8 and 51.6%, respectively and from irrigated calcareous soils were 98.6 and 56.4 %, respectively. With respect to TWW irrigation, the average values of relative increase in NO 3 concentration in drainage water were higher from calcareous soil (98.6%) than from lacustrine soil (91.8%), and with respect to 1:1 FW/TWW irrigation these values were 58.4% and 51.6%, respectively. The overall average values of relative increase of NO 3 concentration in all drainage waters were higher from calcareous soils (78.5 %) than from lacustrine soil (71.7%). These data point out that in the case of irrigation by TWW or 1:1 FW/TWW, the rate of increase in NO 3 concentrations in drainage water from cultivated calcareous soils is expected to be greater than from cultivated lacustrine soils. Water Total P: There were significant increase in the concentrations of total P in the drainage water from cultivated lacustrine and calcareous soils as a result of irrigation by TWW and 1:1 FW/TWW as compared with those from FW irrigation (Table 7) . The concentrations of total P in drainage waters from soils irrigated by TWW were significantly higher than in those from soils irrigated by 1:1 FW/TWW. It is also clear that, on the average, the concentrations of Total P in drainage waters from cultivated lacustrine soils were higher than from cultivated calcareous soil (Table 7) . The values of relative increase in the concentration of total P in drainage water from TWW irrigated cultivated soils were almost higher than in those from 1:1 FW/TWW irrigated soils. Thus, the average values of relative increase of total P in drainage waters from cultivated lacustrine soils were 100.4 and 49.1% from TWW and 1:1 FW/TWW irrigated soils, respectively. Also, these average values from cultivated calcareous soils were 62.5 and 30.1%, respectively. The average value of relative increase of total P concentrations in drainage water from TWW irrigated cultivated lacustrine soils was higher (100.4%) than that from cultivated calcareous soil (62.5 %), and with respect to 1:1 FW/TWW irrigated soils, these average values were 49.1 and 30.1% for the two soil types, respectively. On the basis of overall average values, the relative increases of total P in drainage water from cultivated soils irrigated by TWW and 1:1 FW/TWW were higher from cultivated lacustrine soil (74.7 %) than from cultivated calcareous soils (46.3%). These data indicate that reuse of TWW for irrigating cultivated lacustrine soil would cause relatively higher concentration of total P in the drainage water than occurred in drainage water from TWW irrigated cultivated calcareous soil.
CONCLUSION
Irrigation of cultivated lacustrine and calcareous soils by treated wastewater (TWW) had significantly increased the salinity (EC e ) of these soils as compared to those irrigated by fresh water (FW). However, the salinity increase of cultivated lacustrine soil was within the range of non-saline soil (EC e less than 4dSm -1 ), but it was within the hazard category with respect to cultivated calcareous soil. In addition, higher values of EC e were recorded in soils of the lower layer (20-40cm) than in those of the upper layer (0-20 cm) which indicate high rates of salts down ward transport and consequently salinization of soils of the lower layer due to irrigation by TWW. The values of relative increase in EC e indicate that salinization of soil of the lower layer can be proceed with continuous irrigation by TWW. The results also showed that the rate of salinization can be expected to be greater in calcareous soil than in lacustrine soil as a result of irrigation by TWW.
Irrigation by TWW significantly increased the amounts of OM and amounts of available N, P and K in soils. However, the values of the relative increase in these characters were almost higher in calcareous soil than in lacustrine soil, which indicate relatively higher prediction of increasing the fertility of calcareous soils than that of lacustrine soil. As a result, there were significant increases in the concentrations of N, P and K in leaves of plants grown on the two soils as a result of irrigation by TWW. Of a great concern is that the values of relative increase in N, P and K in leaves of plants grown on calcareous soil were higher than in those grown on lacustrine soil. This points out to higher response of plants grown on calcareous soil to TWW irrigation, with respect to N, P and K contents, than that of plants grown on lacustrine soil. The same trend was found with respect to the dry weights of plants grown on the two soils since the values of relative increase in the dry weight of plants grown on calcareous soil were almost higher than of those grown on lacustrine soil.
The concentrations of TDS, NO 3 and total P in the drainage waters from cultivated lacustrine and calcareous soils irrigated by TWW were significantly higher than those from soils irrigated by FW. With respect to salinity hazard, on the average, drainage waters from TWW cultivated lacustrine soil is classified as C3 category and with respect to SAR is classified as S1 category. Thus, drainage waters from TWW cultivated lacustrine soils are classified, on the average, as C3S1 category. Similarly, drainage waters from TWW cultivated calcareous soils are classified, on the average, as C4S1 category. In addition, the concentrations of NO 3 in drainage waters from TWW irrigated cultivated lacustrine and calcareous soils were greater than the normal safe level of NO 3 -(30 mgL -1 ) which makes these waters, in general, are hazardous to the ecosystem.
